ABSTRACT DNA dependent-DNA polymerase activity was established and partially purified from extracts of cultured Rhizobium meliloti, F-28, and nodule bacteroids (R. reliloti, F-28) 
A physiological balance must be provided among the host leguminous plants and the symbiotic rhizobia in the successful establishment of symbiosis. Control of symbiont multiplication, especially of fast growing rhizobia, can be one of the conditions for such a balance. Lark (9) and Maaloe et al. (11) have illustrated the relationship between DNA content and cell division in eucaryotic systems. Evidence from chemical analysis (13, 16) , and light (15), fluorescence (3) , and electron microscopy (6) has shown a decrease in DNA content, nuclear material, and growth rate in the symbiotic rhizobia (bacteroids) when compared to the free living (cultured) rhizobia. Control of DNA content and consequently growth rate may be at various levels, including at the level of DNA biosynthesis. Cowles et al. (4) previously described a decrease in the specific activity of ribonucleotide reductase in symbiotic Rhizobium meliloti (alfalfa bacteroids) as compared to the cultured bacteria. DNA polymerase also is a critical enzyme in the control of DNA biosynthesis, and this paper reports a comparison of DNA polymerases of cultured R. meliloti, F-28, and nodule bacteroids of alfalfa plants. I This work was supported by National Science Foundation Grant GB-38684 to J. R. C.
MATERIALS AND METHODS
Cultures of Rhizobium meliloti, F-28, and preparations of crude extracts were as previously described (4, 5) . Crude extracts of R. meliloti were treated with 20 ,lA of 2% (w/v) protamine sulfate (Sigma, grade I) for each mg of nucleic acid. The mixture was stirred an additional 10 min and then centrifuged 10 min at 20,000g. The supernatant was slowly acidified to pH 5.5 with ice-cold 10 mm acetic acid, equilibrated an additional 3 min and then centrifuged 10 min at 27,000g. The supematant was further acidified to pH 4.5, equilibrated, and centrifuged as above. The pellet was resuspended in 50 mm potassium phosphate buffer (pH 8) to yield a partially purified fraction of R. meliloti with a final concentration of 30 mg/ml. Alfalfa (Medicago sativa) plants were grown in perlite under greenhouse conditions with supplemental fluorescent light (14 hr-day). The seedlings were inoculated with cultured R. meliloti, F-28, 1 week after planting and nodules were harvested 6 weeks after inoculation. The nodules were macerated and bacteroid extracts obtained as previously described (4, 5) . The crude extracts were acidified as described above without prior treatment with protamine sulfate. The pellet recovered at pH 5.5, however, was used as the partially purified fraction. All extraction and purification procedures were carried out at 4 C.
DNA polymerase activity was determined from the conversion of radioactive-labeled TTP2 into an acid-insoluble product (14) .
A standard reaction mixture contained in a final volume of 0.3 ml: 20 j,moles of tris-HCl buffer (pH 8); 6 Amoles of MgC92; 5 ug of activated DNA; 10 nmoles of dGTP, dATP, dCTP, and lTP (Sigma), 0.5 ,mole of 2-mercaptoethanol; 0.5 ,uCi of 3H-TIP (17 Ci/mmole, Schwarz/Mann), and 30 to 50ug of enzyme. The reaction mixtures were incubated at 37 C for 60 min with R. meliloti extracts and 30 min with alfalfa bacteroid extracts. The reactions were terminated by immediate chilling on ice and the addition of an equal amount (v/v) of 10% trichloroacetic acid-2% pyrophosphate solution (10) . The acid-insoluble product was collected on glass fiber disks (Whatman GF/A) and washed with 2 x 2 ml of 5% trichloroacetic acid-1% pyrophosphate solution and 10 x 2 ml of ice-cold distilled H20. The disks were dried, and the radioactivity was determined in a Packard Tri-Carb liquid scintillation spectrometer. The counting cocktail contained 0.3 g of POPOP and 5 g of PPO/l of toluene. One unit of DNA polymerase activity was defined as the incorporation of 1 nmole of TTP/hr.
The hydrolysis of native DNA was used as a measure of deoxyribonuclease activity (8, 12 and an appropriate amount of cell extract. The mixtures were incubated at 23 C, and enzyme activity was measured spectrometrically according to Kunitz (8) and Muller et al. (12) . One unit of DNase activity was defined as an increase of 1 A260 unit/hr. Single strand and "activated" DNA were prepared from native double strand salmon sperm DNA (Sigma) according to Aposhian and Kornberg (1). RESULTS DNA polymerase activity of R. meliloti was initially established in crude extracts of R. meliloti, F-28. The optimum purification procedures and reaction conditions were determined with this system and used as a model to examine the DNA polymerase system of alfalfa bacteroids. One immediate difference in the two polymerase systems was exhibited in response to batch purification procedures. DNA polymerase activity of R. meliloti was recovered primarily in the pH 5.5 to 4.5 pellet, whereas polymerase activity of alfalfa bacteroids was found in the pH 7.3 to 5.5 pellet ( Table I ). The partially purified fraction of cultured R. meliloti contained a 2.5-fold increase in total activity and a 17-fold increase in specific activity. This compared to a 78% recovery of total activity and 2.4-fold increase in specific activity in the alfalfa bacteroids. Protamine sulfate treatment of alfalfa bacteroid extract failed to increase specific activity and resulted in a loss of total activity and was routinely omitted. Based on the standard assay conditions, the specific DNA polymerase activity in crude extracts of alfalfa bacteroids was approximately 18-fold lower than in extracts of cultured R. meliloti. This is consistent with, and in fact may account for, the previously reported DNA content decline in bacteroids (13, 15, 16) .
Inhibition of DNA polymerase activity by large amounts (>600 jig) of crude extract of R. meliloti (unpublished data) as well as the 2.5-fold increase in total recovered activity on purification indicated the presence of degradative enzymes in the crude extracts. The crude extracts from both sources were tested for DNase activity and were shown to contain significant levels of activity (Table II) . Three per cent of the total DNase activity was recovered in the DNA polymerase partially purified preparation of R. meliloti, whereas 65% of the initial DNase activity was retained in the partially purified fraction of alfalfa bacteroids. In addition, the specific DNase activity increased 2-fold in the latter. (Table III) . Polymerase activity in the crude Recovered extract of R. meliloti remained stable for at least 14 days when stored at -10 C. The bacteroid extract, however, lost 90% of % the original activity in 4 days, and all of the activity in 7 days.
In both systems the crude extracts were more stable than the 100 purified fractions. 83 Activated DNA was the preferred primer for both the cultured 41 R. meliloti and alfalfa bacteroid systems (Table IV) . Native and 244 single strand DNA were less than 50% as effective as activated DNA. The cultured R. meliloti DNA polymerase system displayed a higher pH, Mg2+, and primer optima than the alfalfa 100 bacteroid system (Table V) . 78 DNA polymerase activity of alfalfa bacteroids was highly de-4 pendent on all reaction components except mercaptoethanol and was strongly inhibited by p-chloromercuribenzoate and Mn2+ (Table VI) . Polymerase activity of R. meliloti was absolutely Plant Physiol. Vol. 56, 1975 527 TWA nnlvmprq-,P-zirtivitv in rnitip vind niiriflprl frn,-f;^ne^f 
DISCUSSION
It is apparent from the data that certain differences were observed in the DNA polymerase systems of cultured R. meliloti and alfalfa bacteroids. One principal difference was that the level of specific DNA polymerase activity in the crude extracts of cultured R. nieliloti was substantially greater than in the bacteroids. This difference was about 18-fold using the standard reaction conditions and was approximately 10-fold at the established optima for each system. These comparisons are based on unit activity/mg protein and do not reflect any difference in protein content between the cultured bacteria and bacteroids.
The true level and difference in polymerase activity is difficult to accurately determine for the two systems. The crude extracts were shown to contain different levels of DNase activity and perhaps had other inactivators or inhibitors. A comparison of polymerase activity in the partially purified fractions, however, is unlikely to reflect a true difference in level of enzyme activity since this difference is exaggerated because of the differential purification of the two enzyme systems. The relative instability of the bacteroid fractions, especially the partially purified fractions, contributed to the measured difference between the polymerase activity of cultured and symbiotic bacteria. Even so, the polymerase activity in the alfalfa bacteroids appears to be substantially lower than in the cultured bacteria which is consistent with a reported difference in ribonucleotide reductase activity in these tissues (5 and DNA polymerase activity in the bacteroids certainly suggests a reduced rate of DNA synthesis in the symbiotic bacteria as compared to the free living organisms. A second difference in the two polymerase systems is the response to similar purification procedures. These results reflect a difference in the cellular environment of the two systems or an actual alteration in enzyme structure. Additional purification is necessary to determine this point since the data do not strongly support one possibility over the other.
Preliminary measurements of DNA polymerase activity in crude extracts of R. japonicum and soybean bacteroids showed that the specific activity in the bacteroids was only 20% less (1.12 units/mg protein) than that of cultured R. japonicum (1.43 units/mg protein). This is in contrast to the 10-to 18-fold difference between extracts of cultured R. meliloti and alfalfa bacteroids. The observed difference in the specific DNA polymerase activity of cultured and symbiotic R. meliloti and R. japonicum systems may be related to the growth rates of the two organisms; the generation time for cultured R. meliloti is 3 to 4 times faster than for R. japonicum. A reduced level of DNA polymerase activity and consequently DNA synthesis may be essential for the successful establishment of symbiosis between the host plants and the fast growing rhizobia, which would, otherwise, overburden the host and become pathogenic. A similar reduction of DNA polymerase activity, may not be as essential for slow growing rhizobia such as R. japonicum. This suggested difference is consistent with a recent report by Sutton (16) who observed a reduced level of DNA content in bacteroids of plants infected with fast growing but not with slow growing rhizobia species. It also could account for the conflicting reports concerning changes in bacteroid DNA content during early nodule development (2, 7).
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